Abstract: Mixtures of acidic extractants and LIX 63 were employed to improve the extraction efficiency of Pr and Nd from chloride solutions. The effect of the composition of the extractant mixtures has been studied. The order of metal extraction by single acidic extractant was D2EHPA > PC88A > Cyanex 272 > Cyanex 301. The addition of LIX 63 to the acidic extractants resulted in a synergistic effect, and the strength of the effect was the reverse order of that found for extraction by single extractants. Moreover, mixing of saponified Cyanex 272 and LIX 63 enhanced the extraction, while the addition of Alamine 336 to the mixtures of Cyanex 272 and LIX 63 depressed the extraction. †
INTRODUCTION
In recent years, there has been a sharp increase in demand for rare earth elements (REEs), owing to their high consumption in applications in many advanced industries [1, 2] . Due to their importance, it is highly desirable to develop effective methods to recover REEs. Solvent extraction is one of the most efficient methods used in the recovery of REEs, and has been widely studied using various kinds of extractants [3] [4] [5] [6] [7] [8] .
In the last decades, synergistic solvent extraction systems have drawn considerable attention in efforts to improve the efficiency of REEs extraction [9] [10] [11] [12] [13] [14] [15] [16] . Jia et al. [17] reported the synergistic extraction of REEs from chloride solutions by mixtures of bis (2,4,4-trimethylpentyl) dithiophosphinic acid (Cyanex 301) and sec-octylphenoxy acetic acid. The mixtures show significant synergism during the extraction of REEs.
The synergistic solvent extraction of REEs using a mixture of sec-octylphenoxy acetic acid and 8-hydroxyquinoline was investigated [18] . Panda et al. [19] Furthermore, it was found that the addition of 5,8-diethyl-7-hydroxydodecan-6-one oxime (LIX 63) to acidic extractants would result in synergism during the extraction of metals.
This phenomenon was first reported in the solvent extraction of Co and Ni by a mixture of di-2-ethyihexyl phosphoric acid (D2EHPA) and LIX 63 [21] . After that finding, the synergistic extraction of Co, Ni and other metals with mixtures of several carboxylic/ organophosphorus acids and LIX 63 was widely studied [22] . In those works, one reagent in the mixture might act as an extractant for some metals, while acting as an adduct for other metals to increase the hydrophobicity of the extracted species [23] [24] [25] . For example, LIX 63 acts as an extractant for Cu and Ni and as an adduct for other metals like Co, Zn and Mn [26, 27] , while the acidic extractants act as an extractant for the latter metals and an adduct for the former metals [23, 28] . The synthetic solutions were prepared by dissolving the corresponding chloride salts. Concentrated HCl and NaOH solutions were used to adjust the initial pH of the aqueous solutions to 5.0. All other reagents used were of analytical grade.
Hydrometallurgical treatment of monazite sand
In our previous studies on the recovery of REEs from monazite sand, the sand was digested with NaOH solution (Table 1 ). The extraction of Pr and Nd using a mixture of PC88A and LIX 63 was studied and is presented in Fig. 3 . As shown in 63 when the mole fraction of PC88A was 0.7 (Table 1 ). LIX 63 was unity, the highest synergistic enhancement factor was 2.33 for Pr and 2.10 for Nd, respectively ( Table 1) .
Mixtures of Cyanex 301 and LIX 63 also led to significant synergism during the extraction of Pr and Nd (Fig. 5) . The highest values of synergistic enhancement factor were 6.48
for Pr and 5.23 for Nd at a Cyanex 301 mole fraction of 0.5 (Table 1) . From the above investigations it was found that the addition of LIX 63 to the studied acidic extractants would produce synergism during the extraction of Pr and Nd. In 
In our previous work, the addition of Alamine 336 (R3N) to Cyanex 272 (H2A2) enhanced the extraction of rare earth elements [35] . In that work, the maximum synergistic enhancement factors were 14.2 for Pr and 12.2 for Nd at the 
